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Chapter 3
The Physical Oceanography of Long Island
Sound

James O’Donnell, Robert E. Wilson, Kamazima Lwiza, Michael Whitney,
W. Frank Bohlen, Daniel Codiga, Diane B. Fribance, Todd Fake,
Malcolm Bowman and Johan Varekamp

3.1 Introduction

The ecology and geochemistry of Long Island Sound (LIS) are strongly influenced
by the physical processes that determine the spatial structure and temporal evo-
Iution of the temperature (7), salinity (S), and DO concentrations and the distri-
bution of the sediments. Much has been learned about these processes in the last
decade through a combination of theoretical work, process studies, and the analy-
sis of archived observations. The first wide-ranging summary of physical processes
in LIS was published in 1956 by the Peabody Museum of Natural History at Yale
University. Though the collection of papers mainly addressed biological oceanog-
raphy, the chapter by Riley (1956) described the basic structure of the hydrogra-
phy, tides, and currents, and much of his insight remains relevant. For the more
general reader, Koppelman et al. (1976) provided a broad overview of the geo-
logical origin and geomorphology of LIS and summarized major characteristics of
weather and climate. There has not been an extensive review of the literature since
then. Reviews of the physical processes in neighboring water bodies are available.
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In particular, the hydrography and circulation of the Middle Atlantic Bight are
summarized by Mountain (2003) and Lentz (2008). A review of Block Island
Sound (BIS) and Rhode Island Sound physical oceanography is given by Codiga
and Ullman (2010) and corroborated and augmented with recent observations by
Ullman and Codiga (2010). The physical processes in the Hudson River are sum-
marized by Geyer and Chant (2006).

We begin with a description of the characteristics of the phenomena that have
significant influence on the hydrography and circulation: the freshwater discharge,
the wind and wave climate, and the tides. In Sect. 3.2, we then describe the evolu-
tion (on time scales longer than tidal) and structure of the 7, S, and density distri-
butions in the Sound using a broad array of datasets. The magnitude and structure
of the residual circulation are summarized in Sect. 3.3 and evidence for seasonal
variations is summarized in Sect. 3.4. In Sect. 3.5, we discuss the effects of wind
on sea level and circulation. In Sect. 3.6, we review recent observational and
theoretical work on the physical processes that influence the duration and extent
of hypoxia. Hypoxia, low concentrations of DO, develops in the deeper waters
of the western Sound every summer and the impacted region spreads eastward
as summer progresses. The data records resulting from water quality monitoring
programs are now several decades long and in Sect. 3.7, we summarize some char-
acteristics of long-term changes that can be detected. In Sect. 3.8, we outline the
characteristics and magnitude of the response of the Sound to severe storms and
comment on the likely impact of climate change. In the final section, we summa-
rize and comment on the main results of the review.

3.1.1 Freshwater and Saltwater Sources

LIS is often described as an estuary because it is significantly fresher than the
adjacent shelf water of southern New England. But it is an atypical mid-latitude
estuary in several ways. First, it is unusual that the largest freshwater tributary
discharges into the estuary near the main connection to the ocean. Gay et al.
(2004) summarized the long-term average discharge of the seven rivers entering
the Sound (see Table 3.1). The Connecticut River is the dominant source of fresh
water and contributes 75 % of the total gauged discharge. Gay et al. (2004) also
pointed out that there is a distinct seasonality to the flow rates. Since the extensive
watershed of the Connecticut River includes the mountains in New Hampshire and
Vermont, which accumulate precipitation as snow and ice throughout the winter,
there is a large freshet in the spring. Figure 3.1 shows that the mean monthly flow
in March, April, and May all exceed the annual average flow and the mean April
discharge is more than twice the average.

The mechanisms that lead to dispersal of the effluent from the Connecticut
River are quite complex. This was the subject of a series of reports by Garvine
(1974, 1975 and 1977). With ship surveys and drogue studies, he showed that a
large area of ELIS was covered by a thin (2 m) surface layer of brackish water that
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